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, lm $10^{5}m$ , lm
$10^{3}m$ , $10^{3}$ $10^{5}$ , Garrett-Munk (GM
)
(Garrett and Munk, 1979). ,
GM (Lvov et al.,
2004). ,
(McComas, 1977; McComas and M\"uller, $1981b$ ).
,
. McComas








, Janssen (2003) Lvov and Tabak (2004)
.
.
$\frac{\frac{\partial\rho}{\partial t}}{\prime e- mai1:yokoyn@rpi.edu}+u\cdot\nabla\rho=0$
, (1a)
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$\frac{\partial u}{\partial t}+u\cdot\nabla u+\frac{\nabla P}{\rho}=0$ ,
$\nabla\cdot u+\frac{\partial w}{\partial z}=0$ ,




$\rho$ , $u=(u_{x},$ $u$ , $w$ , $P$ . ,
$\nabla=(\partial/\partial x, \partial/\partial y)$ , $g$ .
, $z$ , Lagrangian , $\rho$ , .





$i \frac{\partial a(p)}{\partial t}=\frac{\delta \mathcal{H}}{\delta a^{*}(p)}$ (3)
(Lvov and Tabak, 2004). $a(p)$ , $\Pi(x,\rho)=\rho dz/d\rho$,
, $\phi(x, \rho)$ , Fourier
$a(p)= \sqrt{\frac{2g}{\omega}}\frac{N}{|k|}\Pi^{\sim}(p)+i\sqrt{\frac{2\omega}{g}}\frac{|k|}{N}\phi(p)\sim$ (4)
. $P$ , 2 $k$ $m$
3 . , $\delta/\delta a^{*}$ $a(p)$ $a^{*}(p)$ .
$V_{p_{1},p_{2}}^{p}$ $U_{p,p_{1},p_{2}}$ , $V_{p_{1},p_{2}}^{p}=V_{P,P1}^{p_{2}},$ $U_{p,p_{1},p_{2}}=U_{P,P2,P1}=U_{p_{1},p,p_{2}}$
. $\omega(p)$
$\omega(p)=\sqrt{f^{2}+\frac{g^{2}}{\rho_{0}^{2}N^{2}}\frac{|k|}{|m|}}$ (5)
. Fourier , $k_{z}$ , Fourier , $m$ , $m=$
$-g/(\rho_{0}N^{2})k_{z}$ . $N$ ( $Brunt-V\ddot{a}is$ \"al\"a) , $f$
.
(3) $-ia\sim p_{3}$ ) , ,
$\langle\cdot\rangle_{e}$





. , $n(p)=E(p)/\omega(p)$ .
(6) 3 $\langle a_{0}^{*}a_{1}a_{2}\rangle=0$ $0$
, . , 3
$( \partial_{t}+i\Delta\omega)\langle aa_{1}^{*}a_{2}^{*}\rangle_{e}=-i\int dp_{34}(3U_{p,p_{3},p_{4}}\langle a_{1}^{*}a_{2}^{*}a_{3}^{*}a_{4}^{*}\rangle_{e}\delta_{0+3+4}$
$+V_{ps,P4}^{p}\langle a_{1}^{*}a_{2}^{*}a_{3}a_{4}\rangle_{e}\delta_{0-3-4}+2V_{np_{3}}^{P4^{l}}\langle aia_{2}^{*}a_{3}^{*}a_{4}\rangle_{e}\delta_{0+3-4})$
$+c.c.(0rightarrow 1)+c.c.(0rightarrow 2)$ (7)





$1/(\Delta\omega)$ . $t=0$ 3 ,
, $\langle aa_{1}^{*}a_{\dot{2}}\rangle_{e}(t=0)=0$ (8) $t=0$ $t=\tau$
$\langle aa_{1}^{*}a_{2}^{*}\rangle_{e}=\frac{-2iV_{p,p_{2}}^{p_{1}}(n_{1}n_{2}-n(n_{1}+n_{2}))(\exp(-i\Delta\omega\tau)-1)}{-i\Delta\omega}$ (9)
. , $\tauarrow\infty$ ,
$\frac{i(\exp(-i\Delta\omega\tau)-1)}{-i\Delta\omega}=P.V$ . $( \frac{1}{\Delta\omega})+i\pi\delta(\Delta\omega)$ (10)
3 (6)
$\frac{\partial n(p)}{\partial t}=2\pi\int dp_{12}(|V_{P,P2}^{p_{1}}|^{2}(n(p_{1})n(p_{2})-n(p)(n(p_{1})+n(p_{2})))\delta_{0-1-2}^{p}\delta_{0-1-2}^{w}$
$-((0,1,2)arrow(1,2,0))-((0,1,2)arrow(2,0,1)))$ (11)
. , Navier-Stokes $o\triangleleft$
. , 0-4 , $n=0$
, $n$ .
, 3






. , (12) , $m_{1}$ $m_{2}$ $k=|k|,$ $k_{1}=|k_{1}|$ ,









$\frac{\partial n(k,m)}{\partial t}$ $=$ $\int dk_{1}dk_{2}T_{3}(k_{1}, k_{2};k,m)$ (14)
. , $(k_{1}, k_{2};k, m)$ (13) 6




. $S$ $k,$ $k_{1},$ $k_{2}$ ,
$\Omega_{1,2}^{0}(m_{1})$ $=$ $\frac{k}{m}-\frac{k_{1}}{|m_{1}|}-\frac{k_{2}}{|m-m_{1}|}$ , (17)
$\Omega_{12}^{0,\prime}$ $=$ $\frac{d\Omega_{1,2}^{0}(m_{1})}{dm_{1}}|_{m_{1}=m_{1}^{1}(k_{1},k_{2})}$ (18)
12
1: Garrett-Munk ( ) Lvov-Tabak ( )
.
, $m_{1}^{\dagger}(k_{1}, k_{2})$ .
$k_{1}arrow 0$ . , $(13a, 13f)$ (Elastic
Scattering, ES), $(13b, 13e)$ (Induced Diffusion, $ID$ ), $(13c, 13d)$
(Parametric Subharmonic Instability, PSI) McComas and Bretherton (1977)
.
, $n(p)\propto k^{\alpha}|m|^{\beta}$ . $k_{1}/k=\epsilon_{IR}arrow 0$




$I\propto\{\begin{array}{ll}\epsilon_{uv^{-(2\alpha+\beta+8)/2}} \beta\neq 0\epsilon uv^{-(2\alpha+\beta+7)/2} \beta=0\end{array}$
. GM ,
$E( \omega, m)\propto\frac{11}{\omega\sqrt{\omega^{2}-f^{2}}1+(m/m_{0})^{2}}$ (19)
(Garrett and Munk, 1979). GM
$\alpha=-4,$ $\beta=0$ , (14) $(I\propto\epsilon_{IR^{0}}, \epsilon_{UV^{1/2}})$
13
, 1 . ,
, 1 Lvov-Tabak (Lvov and
Tabak, 2001) $\alpha=-7/2,$ $\beta=-1/2$ , $I\propto\epsilon_{IR^{-1/4}},$ $\epsilon_{UV^{-1/4}}$ ,
.
, ( Balk et al., 1990).
$\Pi=(\Pi_{h}, \Pi_{v})$
(Zakharov et al., 1992),
$\frac{\partial E(k,m)}{\partial t}+\frac{\partial\Pi_{h}(m)}{\partial k}+\frac{\partial\Pi_{v}(k)}{\partial m}=0$ (20)
. $\Pi_{h}=\int_{0}^{k}dk’k’/m\int dk_{1}dk_{2}T_{3}(k_{1}, k_{2};k’,m)$ $\Pi_{h}$
$k$ , $T_{3}(ak_{l}, ak_{2};ak, m)=$
$a^{-3}T_{3}(k_{1}, k_{2};k, m)$ . , $k$
$\alpha=-4$ (Polzin, 2004).
) $s= \max(k, k_{1}, k_{2})/\min(k, k_{1}, k_{2})$ ,
$\Pi_{h}^{1oc}(s;m)=\{\begin{array}{l}\frac{2}{s^{2}}s\int_{1/\delta}^{1}dxT_{3}(x, 1/s;1, m)-2\int_{\iota/\epsilon}^{1}xT_{3}(sx, x;1, m)s\leq 2\frac{2}{s^{2}}s\int_{(e-1)/\epsilon}^{1}dxT_{3}(x, 1/s;1, m)-2\int_{1/s}^{1/(\epsilon-1)}xT_{8}(sx, x;1, m)s>2\end{array}$
(21)
( , , 1999).
2 , GM , $(1<)s\sim<1.5$
, $s=2$ , $s$ $\Pi_{h}^{1oc}(s;m)\propto s^{-1.3}$
. $s\sim<4$ 25%, $s\sim<10$ 50%, $s\sim<200$
9O% , . , GM
.
GM , (14)
. , (GM ) ,
$\frac{\partial n}{\partial t}=\frac{\partial}{\partial p_{i}}(W_{i,j}(k,m)\frac{\partial n}{\partial p_{j}})$ (22)
(McComas and Bretherton, 1977). $W_{i,l}$
. . ,
14




, $\beta=0$ (22) .
(22)




$s^{-1}$ . $\beta<0$ ,
, ,
$s^{-1}$ . $\beta\neq 0$ $\int_{1}^{\infty}ds’\Pi_{h}^{1oc}(s’)$
, . $\beta=-0.25$
, $s\sim 200$ $\int_{1}^{\delta}ds’\Pi_{h}^{1oc}(s’)=0$ . , $\alpha=-4,$ $\beta=-0.25$
, 1/200
.
McComas and M\"uller (1981a) GM
. , GM
,
. , $\beta=0$ ,
. , GM 1/10
,
. , $\beta\neq 0$ ,
15
3: $\beta=0,$ $\pm 0.1,$ $\pm 0.25$ . $\beta\neq 0$
$\Pi_{h}^{1oc}(s=2)$ $\beta=0$ .
(8)




. (3) 4 Runge-Kutta ,
.
, 24 $((\pm 1,0, \pm 2),$ $(0, \pm 1, \pm 2),$ $(\pm 1, \pm 1, \pm 3)$ ,
$(\pm 2,0, \pm 4),$ $(0, \pm 2, \pm 4))$ $a(p)$ .
, $-D_{h}k^{8}-D_{v}|m|^{4}$ .
$\overline{E}_{int}(k)=\int dmE(k, m),$ $\overline{E}_{int}(|m|)\int dkE(k, m)$








(Furuich et al., 2005). , GM
$k^{-2}|m|^{-1}$ $\overline{E}_{int}(k)\propto k^{-2.02\pm 0.03},$ $\overline{E}_{int}(|m|)\propto|m|^{-1.19\pm 0.24}$











. , $a(p)$ $[0,2\pi$ ) .




15 $E_{GM}(k, |m|),$ $k<3$ $|m|<16$
$0$ ,
E $k,$ $|m.|$ ) . 6 ,
$E_{d}(k, |m|)=(E_{n1}(k, |m|)-E_{GM}(k, |m|))/E_{GM}(k, |m|)$ (23)
.
17
5: ( ) GM 35 ( )
$E_{k}(|m|)$ .
$|m|_{\sim}<40$ 50% , $|m|_{\sim}>80$
.
.









. , WKB ,











6: GM GM 15
) $E_{d}(k, |m|)$ .
.
GM 1 , $\overline{E}_{int}(\omega)$
$\overline{E}_{;_{nt}}(m)$ , 2 .
, ( 4) ,
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